(LR+) of 8.2 (95% confidence interval [CI] 5.7-12.0) for early SGA, a LR+ of 1.6 (95% CI 1.1-1.2) for late SGA, and a LR+ of 1.9 (95% CI 1.4-2.6) for SGA at birth. A UtA-PI >95th percentile was associated with late SGA and SGA at birth, while an UA-PI >95th percentile was associated with early SGA. Associations were higher in fetuses with an estimated fetal weight <10th percentile. Conclusion: Fetal biometry and Doppler evaluation at 20-24 weeks of gestation can predict early and late SGA as well as SGA at birth.
Introduction
The potential of fetal growth can be affected by a hostile uterine environment that may be associated with a chronic reduction of the oxygen and nutrient supplies and will eventually be reflected in a low estimated fetal weight (EFW) [1] [2] [3] [4] . The fetal hemodynamic response to these conditions is adaptive in nature and prioritizes an optimal supply of oxygen to the brain, heart, and adrenal glands at the expense of muscle, bone, and fat tissue [5] [6] [7] [8] [9] [10] [11] [12] . Therefore, fetal hemodynamic changes might be present prior to the reduced size of biometric parameters such as abdominal and head circumferences and femur length.
In fetuses already considered small for gestational age (SGA; EFW <10th percentile), an abnormal Doppler velocimetry of the umbilical artery (UA) or of the middle cerebral artery (MCA) has been associated with low pO 2 in umbilical cord blood [13] , increased prevalence of cesarean deliveries for nonreassuring fetal status [14] , low Apgar scores, admission to the neonatal intensive care unit, and long-term neurological complications [15] [16] [17] [18] [19] . Fetuses with an EFW <10th percentile and absent or reversed end-diastolic velocities in the UA have a 45-70% increased risk of perinatal death [20] . Therefore, Doppler evaluation of SGA fetuses can contribute to the characterization of the severity of the hypoxic insult, the identification of the optimal time for delivery, and reduction in the prevalence of perinatal mortality and morbidity [21] [22] [23] .
Currently, however, Doppler studies are not recommended for fetuses with a normal EFW [24, 25] . The Cochrane Database of Systematic Reviews reported that there is still no clear evidence that a fetal Doppler examination of low-risk pregnant women can reduce the prevalence of fetal mortality/morbidity [25] . Similarly, fetal Doppler evaluation has not been recommended before the suggested time for normal or reduced fetal growth screening at 24 weeks of gestation [26] . Recently, De Paco et al. [27] explored the association between abnormal Doppler parameters obtained at 19-22 weeks of gestation and perinatal complications. The authors reported a 3.5 increment in the risk (95% confidence interval [CI] 1.7-7.1) of birthweight <5th percentile in the presence of an abnormal umbilical artery pulsatility index (UA-PI) >90th percentile. These results suggest that early Doppler fetal evaluation might contribute to the identification of fetuses at risk of reduced growth. In this study, we determined the diagnostic performance of fetal and uterine Doppler parameters at 20-24 weeks of gestation to detect fetuses who will show a reduction of size later in pregnancy or at birth.
Methods

Characteristics of the Study Population and Study Design
This cohort study was conducted at the Center for Advanced Obstetrical Care and Research (CAOCR), Perinatology Research Branch of the Eunice Kennedy Shriver National Institute of Child Health and Human Development, National Institutes of Health, U.S. Department of Health and Human Services (NICHD/NIH/ DHHS), Wayne State University School of Medicine, and Hutzel Women's Hospital, Detroit, MI, USA. All patients provided written informed consent for ultrasound examinations and were enrolled in research protocols approved by the Human Investigation Committee of Wayne State University and by the Institutional Review Board of NICHD.
Our cohort included 2,986 women with a singleton pregnancy, consecutively enrolled before 17 weeks of gestation, who had routine prenatal follow-up at the CAOCR until delivery during the study period (2008) (2009) (2010) (2011) (2012) . The first ultrasound and Doppler evaluations for each patient obtained at 20-24 weeks of gestation were analyzed. Fetuses with congenital malformations or genetic abnormalities identified prenatally or at birth were excluded from the analysis.
Ultrasound and Doppler Measurements
Ultrasound and Doppler studies were performed using General Electric Voluson Expert and Voluson E8 (GE Healthcare, Milwaukee, WI, USA) ultrasound systems and 5-to 2-MHz probes. Gestational age was based on the last menstrual period and confirmed by crown-rump length measurement or by second-trimester ultrasound. EFW was calculated using the Hadlock formula [28] based on the combination of biparietal diameter, head circumference, abdominal circumference, and femur length. Normal EFW was considered to be ≥10th percentile and reduced EFW was considered to be <10th percentile for gestational age [29] .
Doppler evaluation of the UA was performed in a free loop of the umbilical cord, the MCA in a cross-sectional view of the fetal head in the vascular circle of Willis at approximately 1 cm after its origin from the internal carotid artery, and the uterine arteries (UtA) in a parasagittal view of the uterus 1 cm above the virtual crossing with the iliac artery [30] . The mean uterine artery pulsatility index (UtA-PI) was estimated as the average of the left and right UtAs. The size of the Doppler sample gate was adjusted to cover the entire interrogated vessel. Doppler recordings were obtained in the absence of maternal or fetal movements with an angle of insonation as close as possible to 0°. Using a high-pass wall filter of 60 MHz, each vessel was sampled two to three times and the mean pulsatility index was calculated. For the UtA and UA, a pulsatility index value >95th percentile was considered abnormal [31] . The cerebroplacental ratio (CPR) was calculated as follows: middle cerebral artery pulsatility index (MCA-PI) / UA-PI; a CPR or MCA-PI <5th percentile for gestational age was considered abnormal [31] . All women were scheduled to have an ultrasound examination every 4 weeks until 28 weeks of gestation and every 2 weeks thereafter until delivery.
Clinical Outcomes
In this study, we aimed to explore the association between abnormal Doppler parameters at 20-24 weeks of gestation and small fetal size later in pregnancy or at birth. We also determined whether this association is modified by abnormal fetal size (EFW <10th percentile) at 20-24 weeks of gestation. All fetuses were followed until delivery and the clinical outcomes were defined as follows: (1) early SGA as an EFW <10th percentile at <34 weeks of gestation [32] , (2) late SGA as an EFW <10th percentile at ≥34 weeks of gestation [33, 34] , and (3) SGA at birth as birthweight <10th percentile [35] . The information provided by Doppler parameters at 20-24 weeks of gestation was not used for clinical management.
Statistical Analysis
The diagnostic performance of all Doppler parameters for early and late SGA as well as for SGA at birth was estimated. Relative risk (RR) and odds ratios (OR) were calculated and the analysis accounted for potential confounders such as maternal age, gestational age at examination, mean arterial blood pressure, smoking, parity, alcohol and drug use, and body mass index. Differences in the CPR at 20-24 weeks in fetuses who were later diagnosed with early or late SGA were evaluated using the Wilcoxon rank sum test. A p value <0.05 was considered statistically significant. Analyses were performed using SPSS ® Version 19 (IBM Corp., Armonk, NY, USA) and MedCalc ® 9.0.1.0 (MedCalc Software bvba, Ostend, Belgium) statistical software. RRs were obtained by a Poisson regression model with robust estimation of the variance using the "geepack" package under the R statistical environment (www. r-project.org). The primary measure used to rank the Doppler parameters based on their prediction performance was the positive likelihood ratio (LR+).
Results
This study included 2,986 patients; the success rate for obtaining Doppler parameters was as follows: UA-PI in 2,829 fetuses (94.7%; variation among individual measurements: median 4.9%, interquartile range [IQR] 2.7-10%); MCA-PI and CPR in 2,505 fetuses (83.6%; variation among individual measurements: median 3.8%, IQR, 2.4-6.7%); and mean UtA-PI in 2,848 women (95.3%; variation among individual measurements: median 13%, IQR 3.5-15.7%). The prevalence of early SGA was 1.1% (n = 35/2,986), of late SGA 9.6% (n = 288/2,986), and of SGA at birth 14.7% (n = 439/2,986). The demographic characteristics of the study population according to outcome groups are described in Table 1 .
The study cohort was stratified according to the EFW calculated during the first ultrasound examination at 20-24 weeks; 2,800 women (93.8%) had fetuses with an EFW ≥10th percentile, and 186 (6.2%) had fetuses with an EFW <10th percentile. In fetuses with an EFW ≥10th percentile, 18 (0.6%) had early SGA and 231 (8.2%) had late SGA, while among those with an EFW <10th percentile, 17 (9.1%) had early SGA and 57 (30.6%) had late SGA. The increase in the percentage of early and late SGA among fetuses with an EFW <10th percentile compared to those with an EFW ≥10th percentile was significant (p < 0.001 for both) (Fig. 1 ). There were 13 fetal deaths (Table 2 ): 4 fetuses with an EFW <10th percentile (4/186, 2.1%) and 9 fetuses with an EFW ≥10th percentile (9/2,800, 0.3%). The rate of SGA at birth in fetuses with an EFW <10th percentile was higher (74/186, 39.8%) than in those with an EFW ≥10th percentile (365/2,800, 13.1%) (p < 0.0001). Table 3 shows the clinical characteristics and perinatal outcomes of fetuses with an EFW <10th or ≥10th percentile at 20-24 weeks of gestation.
The median CPR at 20-24 weeks of gestation was significantly lower in fetuses who later developed early SGA as compared to those presenting late SGA, SGA at birth, or with normal fetal size and birthweight (all p < 0.05). No differences in the median CPR were observed among fetuses later presenting late SGA or SGA at birth or fetuses presenting with normal size during pregnancy and at birth (Fig. 2) .
Doppler Parameters at 20-24 Weeks of Gestation and in Early SGA Fetuses
Among all Doppler parameters, the MCA-PI showed the lowest LR+ for the association between early or late SGA and SGA at birth. The diagnostic performance of Doppler parameters for the subsequent development of early SGA was as follows ( Values are presented as n (%) or median (interquartile range). EFW, estimated fetal weight; UA-PI, umbilical artery pulsatility index; UtA-PI, uterine artery pulsatility index. Fig. 2 . Distribution of the cerebroplacental ratio (CPR) values at 20-24 weeks of gestation for fetuses who later in pregnancy showed early small for gestational age (SGA; estimated fetal weight <10th percentile) <34 weeks of gestation, late SGA ≥34 weeks of gestation, or SGA at birth (birthweight <10th percentile) as well as for fetuses of normal size during pregnancy and at birth. * p < 0.05 in comparison to any other group. ORs adjusted for maternal age, race, nulliparity, smoking, alcohol use, drug use, pre-pregnancy body mass index, and mean arterial blood pressure. CI, confidence interval; CPR, cerebroplacental ratio <5th percentile; EFW, estimated fetal weight; LR-, negative likelihood ratio; LR+, positive likelihood ratio; MCA-PI, middle cerebral artery pulsatility index <5th percentile; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value; RR, relative risk; SN, sensitivity; SP, specificity; UA-PI, umbilical artery pulsatility index >95th percentile; UtA-PI, uterine artery pulsatility index >95th percentile. ORs adjusted for maternal age, race, nulliparity, smoking, alcohol use, drug use, pre-pregnancy body mass index, and mean arterial blood pressure. CI, confidence interval; CPR, cerebroplacental ratio <5th percentile; EFW, estimated fetal weight; LR-, negative likelihood ratio; LR+, positive likelihood ratio; MCA-PI, middle cerebral artery pulsatility index <5th percentile; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value; RR, relative risk; SN, sensitivity; SP, specificity; UA-PI, umbilical artery pulsatility index >95th percentile; UtA-PI, uterine artery pulsatility index >95th percentile. ORs adjusted for maternal age, race, nulliparity, smoking, alcohol use, drug use, pre-pregnancy body mass index, and mean arterial blood pressure. CI, confidence interval; CPR, cerebroplacental ratio <5th percentile; EFW, estimated fetal weight; LR-, negative likelihood ratio; LR+, positive likelihood ratio; MCA-PI, middle cerebral artery pulsatility index <5th percentile; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value; RR, relative risk; SN, sensitivity; SP, specificity; UA-PI, umbilical artery pulsatility index >95th percentile; UtA-PI, uterine artery pulsatility index >95th percentile. .7), and RR 0.6 (95% CI 0.2-1.6); and (2) UtA-PI >95th percentile: sensitivity 12.0%, FPR 13.3%, PPV 26.1%, NPV 71.6%, LR+ 0.9 (95% CI 0.4-2.2), and RR 0.9 (95% CI 0.4-1.9). The diagnostic performance of Doppler parameters for late SGA in fetuses with an EFW ≥10 percentile at 20-24 weeks of gestation did not significantly vary from that observed for the entire study population.
Doppler Parameters at 20-24 Weeks of Gestation and in SGA at Birth
The diagnostic performance of Doppler parameters for SGA at birth was as follows (Table 6 ): For the complete study group: (1) CPR <5th percentile: sensitivity 12.1%, FPR 6.5%, PPV 23.8%, NPV 86.3%, LR+ 1.9 (95% CI 1.4-2.6), and RR 1.7 (95% CI 1.3-2.3); (2) UtA-PI >95th percentile: sensitivity 21.0%, FPR 7.5%, PPV 32.5%, NPV 87.2%, LR+ 2.8 (95% CI 2.2-3.5), and RR 2.5 (95% CI 2.1-3.1); and (3) UA-PI >95th percentile: sensitivity 13.3%, FPR 7.8%, PPV 22.8%, NPV 86%, LR+ 1.7 (95% CI 1.3-2.3), and RR 1.6 (95% CI 1.3-3.5). For fetuses with an EFW <10th percentile: (1) CPR <5th percentile: sensitivity 20.6%, FPR 6.1%, PPV 68.4%, NPV 64.7%, LR+ 3.4 (95% CI 1.4-8.4), and RR 1.9 (95% CI 1.3-2.8); and (2) UtA-PI >95th percentile: sensitivity 22.5%, FPR 6.5%, PPV 69.6%, NPV 64.5%, LR+ 3.4 (95% CI 1.5-7.9), and RR 2.0 (95% CI 1.4-2.7). The diagnostic performance of Doppler parameters for SGA at birth in fetuses with an EFW ≥10 percentile at 20-24 weeks of gestation did not significantly vary from that observed for the entire study population. Figure 3 shows the RRs (95% CI) of early SGA (upper panel) and late SGA (lower panel) for fetuses at 20-24 weeks of gestation with a CPR <5th percentile and an EFW less than a given cutoff. At any EFW percentile cutoff, a reduced CPR significantly increased the risk of early SGA. The EFW cutoff at which the area under the receiver operating characteristics curve was highest (Fig. 4) was EFW 7th percentile and corresponded to a sensitivity of 73%, a specificity of 94%, and a LR+ of 12.16 for identification of early SGA.
Predictive Performance of a CPR <5th Percentile or a UtA-PI >95th Percentile
The sensitivity of this combined Doppler evaluation for the detection of early fetal growth restriction increased to 74.1% (from 54%) and for late fetal growth restriction to 24.8% (from 10.8%) compared to a CPR <5th percentile alone, whereas the specificity was lower (83.9 and 84.10%, respectively, compared to 93% for both with a CPR <5th percentile alone), thus resulting in lower positive LRs. Similar findings were observed for SGA at birth, where sensitivity increased from 21.0 to 30.9%, but with lower specificity (85.7 vs. 92.5%, respectively) when compared to a UtA-PI >95th percentile alone, resulting in similar positive LRs. 
Discussion
The principal findings of this study are as follows: (1) a CPR <5th percentile at 20-24 weeks of gestation can detect fetuses who will show early SGA, late SGA, and SGA at birth; (2) a UtA-PI and an UA-PI >95th percentile were also associated with the subsequent development of early SGA, late SGA, and SGA at birth; (3) a CPR <5th percentile at 20-24 weeks of gestation had a LR+ of 10 for the detection of early SGA; (4) at an EFW corresponding to the 7th percentile at 20-24 weeks of gestation, a CPR <5th percentile had an OR of 39.47 and a LR+ of 12.16 for the identification of early SGA. These results suggest that the ratio of the hemodynamic changes in the fetal-placental circulation and in the fetal brain at 20-24 weeks of gestation can be a sensitive tool for the early identification of women at risk of the subsequent development of early SGA.
Early Evaluation of Doppler Parameters in the Assessment of Fetal Growth
Fetal Doppler velocimetry is usually performed after 24 weeks of gestation as a complementary method to the nonstress test and the fetal biophysical profile for the clinical management of SGA fetuses [26] , while the UtAs are the vascular parameters most frequently evaluated at <24 weeks of gestation to identify fetuses at risk of reduced fetal growth later in pregnancy [36] . In accordance with previous studies [37] [38] [39] [40] , we found that an increased mean UtA-PI at <24 weeks of gestation was mainly associated with late SGA and with SGA at birth. Recent findings suggest that an interrogation of fetal vessels at 20-24 weeks of gestation may also play a role in the identification of the subsequent development of SGA. De Paco et al. [27] conducted a large study addressing the performance of the UA during the second-trimester ultrasound scan. The authors measured the UA-PI in 4,565 fetuses at 19-22 weeks of gestation and reported that an UA-PI >90th percentile was significantly associated with the delivery of an SGA neonate (birthweight <5th and <10th percentiles) with a LR of 1.7 (95% CI 1.2-2.4) for birthweight <10th percentile. In the current study, we demonstrated a similar performance of the UA-PI >90th percentile for the identification of women who subsequently delivered an SGA neonate (LR+ 1.7 [95% CI 1.3-2.3]). A novel finding of our study indicates that an evaluation of the CPR at 20-24 weeks of gestation can detect fetuses who will show reduced size later in pregnancy. Indeed, a CPR <5th percentile in fetuses with an EFW <10th percentile is also associated with a significantly higher risk of early SGA (LR+ 10.0 [95% CI 5.1-21.0]). This early SGA group should be considered a high-risk group; according to our data, these patients had an 11.4% prevalence of fetal mortality. These pregnancies might benefit from close clinical surveillance to identify or prevent contributing factors that can increase the risk of perinatal mortality and morbidity [41] [42] [43] [44] [45] [46] .
Doppler Velocimetry and Low EFW
The study of the fetal circulation using Doppler ultrasound is mainly confined to the assessment of fetuses with reduced size/growth. The rationale for this approach is that Doppler velocimetry can characterize the fetal hemodynamic deterioration and contribute to the clinical management of these fetuses [47] [48] [49] . The UA remains the main Doppler parameter for fetal assessment; recent studies have shown that the measurement of the CPR improved the early identification of fetuses at a higher risk of adverse outcome [50] [51] [52] . Based on these findings, Figueras and Gratacos [53] proposed an alternative definition for late SGA that includes an EFW <10th percentile, a decreased CPR, or an increased mean UtA-PI. These authors reported that the combination of an EFW <10th percentile and abnormal Doppler parameters can identify more fetuses at risk of perinatal complications such as intrapartum fetal distress and neonatal acidosis. In the sequence of fetal Doppler deterioration, reduced diastolic velocity in the UA can be considered a manifestation of late hemodynamic deterioration. While the CPR represents a balance between the placental resistance to flow and the brain's compensatory mechanism associated with fetal growth restriction, it has been proposed that this parameter may be more sensitive to subtle fetal hemodynamic changes and that an abnormal CPR value may identify a fetus at risk of abnormal growth and perinatal complications earlier in gestation compared to a Doppler of the UA [52] . Indeed, we supported this hypothesis, presenting a novel finding that a reduced CPR at 20-24 weeks of gestation is significantly associated with an increased risk of early SGA.
The CPR as a Manifestation of Reduced Fetal Size
The importance of the CPR as a hemodynamic manifestation of blood flow redistribution in fetuses who are at the early stages of reduced fetal size was reported by Morales-Rosello et al. [54] . The authors demonstrated in fetuses with normal EFW that the closer the EFW is to the 10th percentile, the lower the CPR. They evaluated 11,576 pregnant women and reported that the CPR 5th percentile corresponded to 0.6765 multiples of the median (MoM), and their results indicated that 6.0% of fetuses with an EFW between the 75th and 90th percentiles, 7.9% of fetuses with an EFW between the 25th and 50th percentiles, and 11.6% of fetuses with an EFW between the 10th and 25th percentiles all had a CPR ≤0.6765 MoM. The authors also showed that fetuses with an EFW <10th percentile had a 22.2% prevalence of a CPR <5th percentile suggesting that, although the fetuses had not reached the threshold of SGA, a low CPR (<0.676 MoM) might be used as a surrogate of reduced size and as a potential predictor of neonatal neurodevelopmental impairment. This observation was supported by Prior et al. [55] who conducted a prospective observational study of 775 women with a low-risk term pregnancy who had a Doppler examination within 72 h of delivery. When the fetuses were divided into two groups according to the CPR measurement, using the cutoff value suggested by Morales-Rosello et al. [54] (<0.6765 MoM or ≥0.6765 MoM), the women with a CPR below the cutoff had a significantly increased risk of cesarean delivery due to fetal distress. Khalil et al. [56] reported that a low CPR, independent of the EFW, was associated with an increased prevalence of stillbirth and perinatal mortality [57] . Similar results were reported by Triunfo et al. [58] who showed that a low CPR in the third trimester of pregnancy had a higher association with adverse perinatal outcomes such as nonreassuring fetal status requiring emergency cesarean delivery, a 5-min Apgar score <7, or neonatal metabolic acidosis at birth (UA pH ≤7.15 and base excess >12 mEq/L) compared to EFW. These observations led to the evaluation of the CPR as a screening tool for pregnant women during the third trimester of pregnancy to identify fetuses at risk of late SGA [59, 60] , stillbirth, low pH in the umbilical cord, low Apgar scores, cesarean delivery for fetal distress, and admission to the neonatal intensive care unit [60] [61] [62] .
Additionally, an abnormal CPR for SGA fetuses is associated with a short interval to delivery [63] , increased prevalence of abnormal fetal heart rate monitoring during labor [64] , composite adverse perinatal outcome [65] , and placental lesions associated with maternal underperfusion (e.g., muscularized arteries, atherosis, and mural hypertrophy) [66] . The Prospective Observational Trial to Optimize Pediatric Health in Intrauterine Growth Restriction (PORTO) study explored the utilization of the CPR for 881 growth-restricted fetuses at 33 weeks of gestation and reported that a CPR <1 was associated with an increased rate of perinatal complications (18%) versus only 2% for fetuses with a CPR >1 (OR 11.7 [95% CI 6.0-22.9]) [67] . The same group reported that, in a considerable proportion of cases, the CPR can improve in subsequent examinations, thus reducing the perinatal risks. From a total of 87 fetuses with a CPR <1, 45 (52%) remained abnormal in subsequent ultrasound scans, and 10 (22%) had an adverse perinatal outcome, whereas of the 42 (48%) fetuses who had an improved CPR, only 2 (5%) had an abnormal perinatal outcome [68] . Collectively, this evidence suggests that the CPR might be an important tool in the estimation of perinatal risks for normal and complicated pregnancies.
Our study is the first to test the utilization of the CPR at 20-24 weeks of gestation in the risk assessment of subsequent fetal growth restriction. We identified already at the early stages of pregnancy (especially in fetuses with reduced size) patients who will subsequently have early SGA (<34 weeks of gestation), late SGA, and SGA at birth. These findings are novel and suggest that hemodynamic changes in fetuses with affected growth can be identified in the second trimester of pregnancy.
Clinical Implications
Maternal-fetal Doppler evaluation conducted at 20-24 weeks of gestation is not universally accepted; however, available reports show that a mean UtA-PI >95th percentile at this gestational age can identify women at risk of preeclampsia and SGA [39, 69] . The evaluation of two additional fetal Doppler parameters -the UA and the MCA -in combination with EFW can improve the identification of fetuses at a higher risk of reduced size later in pregnancy. The presence of abnormal Doppler parameters at this gestational age might increase the frequency of clinical visits, but no decisions concerning delivery will be made. Fetuses with a reduced CPR might benefit from closer clinical surveillance, thus allowing the identification of the early stages of fetal decompensation for the purpose of steroid administration and the decision on the optimal time for delivery. Fetal and maternal Doppler parameters have the potential to improve the clinical information provided by the fetal biometric evaluation [70] .
The strengths of our study are that (1) all fetuses were evaluated using the same protocol for biometric and Doppler measurements, and (2) clinical management and deliveries were performed at the CAOCR and followed the same standard guidelines. The information derived from the Doppler parameters at 20-24 weeks of gestation was not used for clinical management. Our study included a majority of African-American women, most of them parous, with a prevalence of 5-7% for preeclampsia. The diagnostic performance of Doppler parameters at 20-24 weeks of gestation to predict fetal growth restriction and SGA at birth might differ in other populations. Technical aspects and time constraints were the main reasons why not all Doppler measurement parameters were obtained from all patients; however, all women had at least two Doppler parameters evaluated. A limitation of this study is that the sample size did not provide sufficient power to detect differences in the prediction performance of different Doppler parameters. For example, the detection of early SGA fetuses among those with an EFW <10th percentile, demonstrating a significant improvement in sensitivity from 0.29 for UtA-PI to 0.69 for CPR (at the same FPR of about 10%), would have required 28 cases to provide a power of 80%, while only 18 cases were available in this study's cohort. As in all observational studies, causation cannot be determined apart from association.
Conclusion
At 20-24 weeks of gestation, an abnormal CPR (<5th percentile) identifies one-half of the fetuses destined to be diagnosed as SGA <34 weeks at 7% FPR (a 15.4-fold increase in the RR).
